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Abstract
By demanding the validity of an effective field theory description during infla-
tion, in this note we derive some peculiar inequalities among the three interest-
ing stringy and cosmological parameters, namely the tensor-to-scalar ratio (r), the
string coupling (gs) and the compactification volume (V). In deriving these inequal-
ities, we explicitly demand that the inflationary scale and the Hubble parameter
during inflation are well below the Kaluza-Klein (KK) mass scale, string scale, and
the four dimensional Planck mass. For the inflationary models developed within
the framework of type IIB orientifold comapctification, we investigate the regions
of parameters space spanned by the three parameters (r, gs,V) by satisfying our
inequalities, and we find that the same can reduce the size of available parameter
space quite significantly. Moreover, we comment on obtaining further constraints
on the parameters by comparing gravitino mass (m3/2) with the Hubble scale (H),
which also provides a lower bound on tensor-to-scalar ratio (r), for the cases when
m3/2 < H. We also illustrate the outcome of our bounds in some specific class of
string(-inspired) models.
1From October 1, 2015, the address of Pramod Shukla has been changed to ICTP, Strada Costiera
11, Trieste 34151, Italy, with the email: shukla.pramod@ictp.it.
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1 Introduction and Motivation
The primordial inflation is one of the best known paradigms for explaining the large scale
structures in the universe, and the origin of temperature anisotropy in the cosmic mi-
crowave background (CMB) radiation [1]. However, it is a challenge to build a model
of inflation which can simultaneously explain the observables for CMB, matter perturba-
tions, and predict the right thermal history of the universe from the end of inflation until
now, for a review see [2].
Moreover, it is equally challenging to embed inflation correctly within an effective field
theory (EFT) due to the presence of multiple-scales in the ultraviolet (UV) physics [3].
This problem has become prominent due to the claim of a discovery of primordial gravi-
tational waves and the large tensor-to-scalar ratio by BICEP2 [4]. Although the previous
claims of BICEP2 have been diluted in the follow-up joint investigations of BICEP2/Keck
Array and PLANCK results [5, 6], one can still hope that in future large tensor-to-scalar
ratio could still be detectable, such as r ≃ O(0.05), or so. Moreover, the most recent
observational constraint by BICEP2 and the Keck Array on the tensor-to-scalar ratio has
been argued to be at r < 0.07 at 95 % confidence [7].
Although there exists models of inflation where such values of r ∼ O(0.05) can be
obtained well within sub-Planckian excursion of the inflaton field, see [8, 9]. Indeed such
models can be embedded within supergravity models of inflation [10], and it is compatible
with the effective field theory treatment, since the inflaton VEV is always bounded by
the 4-dimensional (4-D) Planck mass, Mp = (8πGN)
−1/2 = 2.4× 1018 GeV.
The same cannot be said apriori if there are more than one scales in the problem.
Inflationary models developed in four dimensional effective field theory framework, which
are obtained after compactifying the ten dimensional superstring theories on suitable class
of (Calabi Yau) manifolds, contain many scales besides the (4-D) Planck mass, for a review
on inflation within string theory, see [11, 12, 13]. These scales are: string scale, ms, the
lightest Kaluza-Klein (LKK) mass scale, mKK , and the winding mode, mW . Typically,
there is a hierarchy in these scales, which is given by:
mKK < ms < mW < Mp.
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In order to have a successful period of inflation, i.e. 50 − 60 e-foldings of inflation, one
would also have to demand that the Hubble expansion rate during inflation, Hinf , follows:
Hinf ≪ mKK < ms < mW < Mp . (1.1)
A simple reason for such a stringent demand arises from the validity of an EFT at the
lowest order. There are obvious consequences if we had to violate this bound. If Hinf ≥
mKK, we would end up exciting not only the LKK, but also the tower of KK modes during
inflation. This will immediately backreact into the original potential and might alter the
predictions. Although, if somehow inflation had triggered then these heavy states would
be washed away during inflation, but again they would be excited abundantly after the end
of inflation, via non-perturbative mechanisms [14, 15]. In some cases, the LKK could be
absolutely stable and would overclose the universe prematurely by such non-perturbative
excitations [14, 15, 16, 17, 18].
This would be a mere catastrophe for embedding inflation within string theory. De-
scribing inflation within 4-D when KK-modes, winding modes are all excited is beyond
the scope of current understanding, because there would be inherent stringy corrections to
the inflaton potential arising from higher order string couplings, gs-corrections [19, 20, 21]
and α′-corrections [22], which would induce higher derivative corrections to the gravita-
tional sector 2, which cannot be computed so easily in a time dependent background. In
many cases, if the scale of inflation is higher than the compactification scale, it would be
very hard to understand the complicated dynamics in a de-compactification limit [25, 26].
To avoid all these constraints we would require the inflationary potential, Vinf :
V
1/4
inf ∼ (3H2infM2p )1/4 ≪ mKK . (1.2)
The aim of this paper is very simple. Given all these constraints, if we wish to be within a
valid EFT regime, i.e. by following Eqs. (1.1)-(1.2), could we then obtain a simple bound
on the value of tensor-to-scalar ratio (r), with the help of string coupling (gs), and the
compactifticaion volume (V) in a rather model independent way. In order to illustrate
our point, we will discuss all the relevant scales and their hierarchies in the framework of
type IIB orientifold compactification in which moduli stabilization has been studied with
a fairly better understanding in the two well known schemes, namely the KKLT [27] and
the LARGE volume scenarios [28].
2 Analytic expressions of various scales
In the section, we will collect the relevant expressions of various scales involved via con-
sidering a setup of type IIB superstring theory compactificed on a Calabi Yau orientifold.
2.1 String scale ms
By following the conventions [13, 29, 30] as ~ = c = 1, and the string length ls =
√
α′,
which subsequently sets the string mass as ms = l
−1
s , one can write the effective 4-D type
IIB supergravity action in the string frame, within no warping limit, see [13]:
SIIB ≈ 1
(2π)7 (α′)4 g2s
∫
d4x
√−g4R4 Vc + .... (2.1)
2For a recent study beyond the two-derivative approximation, see [23, 24] in which the higher order
F 4-corrections induced from α′ have been studied in type IIB orientifold framework.
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where the dots denote the additional (flux-dependent) contributions and gs is the string
coupling, while Vc denotes the compactification volume of internal Calabi Yau (CY) man-
ifold. From now onwards, we will consider a dimensionless parameter Vs defined by:
Vc = Vs (α′)3, as the string-frame compactification volume, which in our convention is
given by [29]:
Vs = (2π)
6
3!
καβγt
α tβ tγ , (2.2)
where ti’s are dimensionless parameters for volume of the two-cycles, and καβγ are the
intersection numbers. Comparing the 4D action given in (2.1) with the Einstein-Hilbert
4-D-action, yields
M2p
2
≡ Vc
(2π)7 (α′)4 g2s
=
Vs
(2π)7 g2s
m2s (2.3)
which subsequently gives an important relationship:
ms ≡ ls−1 ≃ gs (2π)
7/2
√
2Vs
Mp . (2.4)
2.2 Kaluza-Klein mKK, and Winding modes mW
Considering the toroidal orientifold compactifications, the mass scales corresponding to
the KK modes and winding modes are given by, see [30]:
mKK ≡ 1
R
=
ms
R0
, mW ≡ R
α′
= R0ms , (2.5)
where R and α′/R are the respective radii of the KK-and their T-dual winding modes, and
R = R0 ls for a dimensionless parameter R0. In principle, the KK-modes would depend
on volumes of various internal cycles in a given CY orientifold compactification, however
the LKK can be estimated by the overall compactification volume, Vc ≡ (2πR)6. In terms
of dimensionless parameters R0 and Vs satisfying (2πR0)6 ≡ Vs, we obtain the LKK mass:
mKK ≃ 2 πV1/6s
ms ≃ gs (2π)
9/2
√
2 V2/3s
Mp . (2.6)
Other KK-modes along with the winding modes are heavier thanmKK , and for the validity
of an EFT description, we would need R0 > 1.
2.3 Scale of inflation (Vinf)
1/4 and Hubble scale (Hinf)
The scale of inflation is determined by the total energy density stored in the inflaton
sector. For a slow-roll inflation, the Hubble scale is solely determined by the potential
energy,
3H2inf ≈
Vinf
M2p
. (2.7)
The observations from Planck suggest that the primordial perturbations are adiabatic,
Gaussian, and the temperature anisotropy of CMB is given by the magnitude of the
scalar power spectrum PS [1]
PS ≡ H
2
inf
8 π2M2p ǫ
(1 + ....) ∼ 2.2× 10−9 (2.8)
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where ǫ is one of the two slow-roll parameters defined as
ǫ =
M2p
2
(
V ′inf
Vinf
)2
, η =M2p
(
V ′′inf
Vinf
)
(2.9)
where prime denotes derivative w.r.t the inflaton field, and dots represent slow-roll sup-
pressed contributions. Typically, for a slow roll inflation ǫ, η ≪ 1. The tilt in the scalar
power spectrum is given by ns ≃ 1+ 2 η− 6ǫ, and the tensor-to-scalar ratio is denoted by
r ≡ PT/PS, which yields with the help of Eq. (2.8),
Hinf ≃
√
r
0.1
× (3× 10−5)Mp , (2.10)
and
(Vinf)
1/4 ≃
( r
0.1
)1/4
× (8× 10−3)Mp. (2.11)
As we will see later, these aforementioned relations can be considered as bridging relations
for cosmological observables and stringy parameters after writing Vinf and Hinf in terms
of stringy ingredients. The current data does not conclusively say whether it is a single or
multi field inflation [1], but lack of isocurvature perturbation means that whatever isocur-
vature fluctuations were generated during inflation must have been transferred completely
into the adiabatic modes [31], therefore we will mainly concentrate on a single field model
of inflation. Our bounds will also be valid for those models where there exists a late time
dynamical attractor for multi fields, see assisted inflation [32, 33].
3 Reconciling various scales of the effective four di-
mensional theory
Now we utilize the CMB relations given in eq. (2.10) and eq. (2.11) as a link between
the stringy parameters and cosmological variables as the left-hand side of these relation
can be explicitly known in a given string model of inflation. The various constraints in
Eqs. (1.1, 1.2) would yield many inequalities:
ms < Mp =⇒ Vs > (2 π)6 × π g2s (3.1)
which is very naturally satisfied in any given setup, since from Eq. (2.6):
mKK < ms =⇒ Vs > (2 π)6 . (3.2)
In order to make all the KK-modes lighter than the stringy excitations ms, not only the
overall CY volume but also all the ti’s appearing in Eq. (2.2) have to be larger than unity.
While performing the moduli stabilization in type IIB string compactification, sometimes
it is preferred to work in the Einstein frame, where the CY volumes in two frames are
related by, VE , as Vs ≡ g3/2s VE.
3.1 Upper bound on tensor-to-scalar ratio (r)
Of course, how large the compactification volume (VE) should be for an EFT argument
to hold good is still debatable, but the most important constraint in this regard comes
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from demanding that the Hubble scale is lower than KK mass scale, i.e. Hinf < mKK ,
which results in the following inequality,
Vs
(2 π)6
< 106 ×
(
g4s
r
)3/4
×
(
10π
9
)3/4
, (3.3)
Moreover, if we demand that inflationary scale (Vinf)
1/4 is also lower than the KK mass
scale, then we obtain an even stronger constraint,
Vs
(2 π)6
<
(
g4s
r
)3/8
× (1.4× 103) , (3.4)
From Eqs. (3.2, 3.4), we obtain
1≪ Vs
(2 π)6
<
(
g4s
r
)3/8
× (1.4× 103) . (3.5)
This is an interesting inequality which relates stringy parameters (Vs, gs) with cosmolog-
ical observable r. Considering
vs =
Vs
(2π)6
× 10−3,
we obtain a region of parameter space (vs, gs, r) as shown in Fig.1 (shaded region) which
is allowed by the current cosmological observational bounds arising from Eqs. (2.10, 2.11).
0
1
2v s
0.02
0.04
0.06
0.08
0.10
r
0.2
0.4
g s
Figure 1: Region plot of inequality given by Eq. (3.5) showing the allowed region (shaded)
in the parameter space (vs, gs, r).
Moreover, the figure 1 shows that a great portion of the total parameter space is
already forbidden, i.e. the allowed region is given by the shaded region. Considering the
latest analysis of BICEP2/Keck Array and PLANCK results [5, 6], one can still hope that
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in future large tensor-to-scalar ratio could still be detectable, such as r ≃ O(0.05), or so.
If this were the case, we would be able to provide what are the allowed regions for (vs, gs),
see Fig. 2. Pinning down individual values of gs and vs would require constraints arising
from PS and ns, and also the slow-roll parameters such as ǫ, η, therefore require some
more model dependent input.
0 1 2 3 4
0.0
0.2
0.4
0.6
0.8
1.0
v s
g s
For r = 0.05
Figure 2: Region of (vs, gs)-parameter space allowed (shaded) for r = 0.05.
An immediate observation from Fig.2 is the fact that there are some particular indirect
constraints on the flux landscape as well. For example, say if in future the value of r is
detected to be around r ∼ 0.05, then while performing the “two-step moduli stabilization”
as in KKLT or LVS models, one has to keep flux choices such that the stabilized values
of gs and Vs, both remain in the allowed (shaded) region.
Let us note that by considering the relation Vs ≡ g3/2s VE, one can completely eliminate
the string coupling (gs) dependence from the second inequality in Eq. (3.5), which leads
to,
gs ≫ r1/4 ×
(
0.803× 10−2) (3.6)
and
VE
(2 π)6
≪
(
1
r
)3/8
× (1.4× 103) , (3.7)
or, equivalently
r ≪ (2.4× 108) ×
(
(2 π)16
V8/3E
)
≡ rmax, (3.8)
The above constraints are interesting because the two stringy parameters, VE and gs, are
now constrained entirely through r. Considering
ve =
VE
(2π)6
× 10−3
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the allowed shaded region for (ve, r) are now shown in Fig.3.
0.00 0.02 0.04 0.06 0.08 0.10
0
5
10
15
20
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e
Figure 3: Allowed shaded region for (ve, r) bounded by Eq. (3.8).
For a numerical estimate, if r = 0.05, then VE/(2π)6 ≪ 4.3×103, and Eq. (3.6) implies
that gs ≫ 3.8× 10−3. This bound on gs can be easily satisfied in any string model, which
is concordant to our assumptions of validity of EFT. In a realistic scenario, the bound on
gs can be further tightened as follows.
For any realistic model within string theory, one must have control over an infinite
series of α′-corrections [22, 23] and string loop-corrections [19, 20, 21], which are typically
suppressed in powers of internal Calabi Yau volume. For the sake of illustration, if we
demand Vs/(2π)6 > 100 (instead of considering Vs/(2π)6 > 1) in Eq. (3.5), without any
additional loss of generality, we improve the bound given in Eq. (3.6) to be
gs > 0.17× r1/4. (3.9)
This constraint implies that, for r = 0.05, string coupling should be fairly large, i.e.
gs > 0.08 as shown in the shaded region of Fig.4.
3.2 Lower bound on tensor-to-scalar ratio (r)
It is equally important to ask if we were able to place a lower bound on r. In particular, the
value of r could be very small and still one can satisfy all other cosmological constraints,
even exciting the right thermal degrees of freedom [34, 35]. In principle, we might be
able to impose another simple constraint arising from the 4-D supersymmetric (SUSY)
partner of graviton, i.e., gravitino, whose mass, m3/2, must be below the LKK mass scale,
m3/2 < mKK < ms . (3.10)
In order to understand the bound arising fromm3/2, we would need to understand the 4-D
effective potential obtained from dimensional reduction, which has three building blocks;
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g s
For v s > 0.1
Figure 4: Allowed lower bound on string coupling gs plotted for r assuming that
Vs/(2π)6 > 100, i.e. vs > 0.1 in order to suppress α′ and string loop corrections.
namely the Ka¨hler potential (K), the superpotential (W ), and the gauge-kinetic function
(G). The F-term contribution to the scalar potential can be computed as,
V ≡ eK/M2p
[
KIJ (DIW )(DJW )− 3
|W |2
M2p
]
, (3.11)
where the 4-D gravitino mass is given by
m3/2 ≃ g
2
s e
Kcs
2 (2 π)6 |W0|√
4πVs
Mp ≃ gs e
Kcs
2 (2 π)2 |W0|√Vs
ms , (3.12)
where we have used Eq. (2.4), and Kcs denotes the complex structure moduli part of the
Ka¨hler potential, and W0 is the normalised tree level flux superpotential [13, 36]. Now,
imposing Eq. (3.10), we get:
m3/2 < mKK < ms =⇒ gs
2π
e
Kcs
2 |W0| < V
1/3
s
(2π)2
. (3.13)
This condition is consistent with those in [37]. Now we may consider two viable possibil-
ities:
• m3/2 ≥ Hinf has been considered by many, see for instance, Ref. [38, 39, 40, 41, 42],
where we obtain:
r ≤
(
(2π)11
18
× 109
)
×
(
g4s e
Kcs |W0|2
V2s
)
≪ 10 π
9
× 108 ×
(
(2 π)8
V4/3E
)
, (3.14)
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where Eq. (3.13) and Vs = g3/2s VE have been used in the second step. Note that
Hinf ≤ m3/2 (along with m3/2 < mKK) does not introduce any new constraint and
falls within the bound in Eq. (3.7), already obtained in the limit: (Vinf)
1/4 < mKK .
• m3/2 ≪ Hinf , example of this class has been considered earlier in Ref. [43]. We
obtain,
(2π)11
18
× 109 ×
(
gs e
Kcs |W0|2
V2E
)
≡ rmin ≪ r . (3.15)
Now combining Eqs. (3.7) and (3.15), one obtains
109
(36 π)
·
(
gs e
Kcs|W0|2
V2E/(2π)12
)
≪ r ≪ (2.4× 10
8)
V8/3E /(2 π)16
. (3.16)
The above bounds suggest that weaker the string coupling as well as larger the internal
volume is, smaller is the value of r. Therefore, smaller value of r is more natural to realise
in a setup developed in the framework of large volume scenarios (LVS) [28].
The upper bound on r, see Eq. (3.16), should always be satisfied in a realistic model of
inflation, where the potential is flat enough to give rise to 50− 60 e-foldings of inflation.
The lower bound on r depends on our assumption that m3/2 ≪ Hinf holds true. This
need not to be true always, in which case we will not have any strict lower bound on r.
3.3 Correlation among the three sources of upper bounds on r
Here, it is important to mention that although we have derived some very interesting
inequalities relating the two stringy parameters (VE , gs) and a cosmological observable
(r) via reconciling various scales which would possibly appear in a given string-inspired
model of inflation, however we did not fix the value of any of these scales, and so is the
case for the parameters VE , gs and r. Now, we have three kinds of upper bounds on r
originated from the sources described as under,
• Assuming the slow-roll condition ǫ ≪ 1, which is accompanied by the relation
r = 16 ǫ, shows that
r = 16 ǫ << 16 = r(1)max.
• The best‘experimental bound’ on r is given by [7],
r < 0.071 = r(2)max
• The third possibility for an upper bound on r (say ‘theoretical bound’), is coming
from demanding (Vinf)
1/4 < mKK , and results in our constraint in eq. (3.7) which
reads as,
r ≪ (2.4× 108) ×
(
(2 π)16
V8/3E
)
≡ rmax,
It would be a relevant question to ask how our upper bound on r characterised via rmax is
correlated with the first two possibilities, i.e. which amongst the three {r(1)max, r(2)max, rmax}
is the smallest value to be relevant as an ‘effective’ upper bound. Let us discuss the
following two possibilities,
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• Case-I: the theoretical bound being stronger than the experimental bound
Although, there is no fundamental reason to argue why our theoretical bound should
be stronger than the experimental bound (as well as the relatively weaker slow-roll
bound) on r, however let us consider a situation when rmax < r
(2)
max < r
(1)
max. A simple
comparison shows that our constraint in eq. (3.7) will be stronger only when the
followings hold,
rmax < r
(1)
max =⇒
VE
(2π)6
> 490 & rmax < r
(2)
max =⇒
VE
(2π)6
> 3.2× 103 .
• Case-II: the experimental bound being stronger than the theoretical bound. For
this case, we have the following restrictions on the value of Einstein frame Calabi
Yau volume,
rmax > r
(1)
max =⇒
VE
(2π)6
< 490 & rmax > r
(2)
max =⇒
VE
(2π)6
< 3.2× 103 .
These simple estimates show that demanding our theoretical bound to be stronger than
the experimental bound results in a lower bound on the internal CY volume, while when
experimental bounds are stronger than the theoretical bound, we have an upper bound
on the internal CY volume. However, given that it is better to have a large volume for
having the more likely consistency within the requirement of an EFT description to be
valid, i.e. regarding the control over α′- and string loop-corrections, this makes the first
case more pertinent.
Further, under these circumstances, we have a relatively tight allowed window for the
CY volume modulus. These are translated into having the following inequality,
3.2× 103 < VE
(2 π)6
≪
(
1
r
)3/8
× (1.4× 103) (3.17)
where the two bounds coincide at r = 0.11. For a smaller value of r, a wider range of
allowed values of CY volume becomes available, e.g. for r = 0.01, the allowed values are
in the range: 3.2 × 103 < VE
(2 pi)6
≪ 7.9 × 103. Similarly, for Starobinsky-type inflationary
realization (e.g. Fibre inflation) within type IIB orietifolds which realizes r ∼ 0.005, one
needs to ensure 3.2 × 103 < VE
(2pi)6
≪ 1.0 × 104, where the upper bound follows straight
from demanding (Vinf)
1/4 < mKK , and it is quite generic, while the lower bound comes
from assuming that our upper bound is stronger than the current experimental upper
bound r < 0.11.
3.4 Testing the bounds for an explicit class of model
Let us now consider a simple toy model example of inflation which can in principle produce
large value of r, and which satisfies all the observed CMB data. It is based on the Kim-
Nilles-Peloso (KNP)-mechanism [44] of aligned natural inflation, see also [45, 46, 47, 48,
49, 50]. One can embed KNP-type aligned natural inflation with various RR axions or its
combinations, with a multi-racetrack superpotential [47, 48, 49], for which the potential
is given by a single field inflation with the help of two sub-Planckian axionic VEVs,
V (ψ) = Λ0
(
1− cos
[
ψ
2π feff
])
, (3.18)
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where
ψ =
n2 f1 φ1 − n1 f2 φ2√
n21 f
2
2 + n
2
2 f
2
1
, feff =
√
n21 f
2
2 + n
2
2 f
2
1
|n1m2 − n2m1| . (3.19)
Here, the two fields φa’s are canonically normalised stringy RR axions (say ca) with
φa ≡ ca fa and their decay constant fa’s depend on the model dependent parameters,
such as volume of the internal manifold, string coupling, see Refs. [13, 29]. Further, ni’s
and mi’s can be written as 2πhi/Ni, where Ni’s are rank of the gauge groups involved
via non-perturbative superpotential, while hi’s can be integer quantities such as magnetic
flux quanta [48, 49], or winding numbers [47]. Irrespective of the details, we can illustrate
the constraints by recalling that the potential energy density of the inflaton in the KNP
model is given by [48, 49]
Λ0 ≃ gs
8π
eKcs (2π)12 |W0|2
V2E
F ≃ 4.1× 10−8 r , (3.20)
where F is a multiplicative factor appearing as a measure of the axionic-shift-symmetry
breaking. We have used, Eq. (2.11) along with Λ0 ≃
(
3H2inf M
2
p
)
in the second step. For
large volume models such as [48, 49], after taking care of normalisation factors appro-
priately, the multiplicative factor F is simply given by F ∼ (2π)6 δ/VE, where δ ≤ 1 is
a model dependent parameter. Now, further imposing our constraint Eq. (3.13) in this
class of model yields,
r ≃ 2.4× 107 Λ0 ≪
(
3.8× 107) (2π)14
V7/3E
× δ . (3.21)
Note that Eq (3.21) is compatible with our model independent upper bound on r given in
Eq. (3.16). In fact, for δ < 6/(VE/(2π)6)1/3, which could be a consistent requirement for
maintaining mass-hierarchy between inflaton and the heavier moduli/axions, the bound
given in Eq. (3.21) is even stronger than the model independent bound of Eq. (3.7). For
numerical estimates, if we take δ ≃ 0.1, then for r ≃ {0.1, 0.05}, one gets VE/(2π)6 <
{1772, 2385}, which satisfies our model independent bound in Eq. (3.7).
Finally, let us present the subsequent constraints on the Einstein frame Calabi Yau
volumes needed for some specific models which have been developed in the context of
type IIB orientifolds constructions. Without going through all the details, let us present
a list of models which has been mostly taken from the reviews presented in [11],
12
Inflatinary Models ns r VE
Higgs-otic inflation [51] 0.966 ≤ ns ≤ 0.972 0.080 ≤ r ≤ 0.098 VE ≪ 3.35× 103
Axion monodromy [29, 52] 0.97 ≤ ns ≤ 0.98 0.04 ≤ r ≤ 0.07 VE ≪ 3.80× 103
Fibre inflation [53, 54] 0.965 ≤ ns ≤ 0.97 0.005 ≤ r ≤ 0.007 VE ≪ 8.90× 104
N-flation [55, 56] 0.93 ≤ ns ≤ 0.95 r ≤ 10−3 VE ≪ 1.87× 104
Poly-inst. Inflation [57, 58, 59] 0.95 ≤ ns ≤ 0.97 r ≤ 10−5 VE ≪ 1.05× 105
D3/D3-Brane inflation [60, 61] 0.966 ≤ ns ≤ 0.972 r ≤ 10−5 VE ≪ 1.05× 105
D3/D7-Brane inflation [62, 63] 0.95 ≤ ns ≤ 0.97 10−12 ≤ r ≤ 10−5 VE ≪ 1.05× 105
Inflection point inflation [64] 0.92 ≤ ns ≤ 0.93 r ≤ 10−6 VE ≪ 2.49× 105
DBI inflation [65] 0.93 ≤ ns ≤ 0.93 r ≤ 10−7 VE ≪ 5.90× 105
Racetrack inflation [66, 67] 0.95 ≤ ns ≤ 0.96 r ≤ 10−8 VE ≪ 1.40× 106
Blow-up inflation [68] 0.96 ≤ ns ≤ 0.967 r ≤ 10−10 VE ≪ 7.87× 106
Wilson line inflation [69] 0.96 ≤ ns ≤ 0.97 r ≤ 10−10 VE ≪ 7.87× 106
Table 1: Some typical values for the upper bound on the Einstein frame CY volume (VE)
corresponding to the maximum vales of the tensor-to-scalar ratio r realized via demanding
50 < Ne < 60 e-foldings in a set of inflationary models realized within string framework.
4 Conclusions
As we conclude, let us point out that a sufficient large volume of the internal CY is
must in a given inflationary setup in order to have protection against various (un-)known
α′ and gs corrections, as the EFT description in a given background geometry can be
trusted as long as (Vinf)
1/4 < mKK , and/or Hinf < mKK . These inequalities along with
our bound Eqs. (3.6)-(3.7) should always be satisfied (within all the models where warping
effects are negligible), and our inequalities should serves as a guiding principle for building
inflationary models in (type IIB) superstring theory framework, which can explain the
CMB data. In future, if we can can ascertain the value of r to high accuracy, we should
be indeed able to pin down some of the key stringy parameters.
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